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Surveys that focus on associations 
among tick vectors and avian hosts provide 
useful data complementing the studies fo-
cused on tick-borne pathogens and disease 
risk (Ogden et al. 2008, Hamer et al. 2011, 
Loss et al. 2016, Clow et al. 2017, Walter et 
al. 2017, CDC 2018, Sonenshine 2018). In 
these surveys, infestation prevalence and the 
number of ticks on birds (hereafter burden) 
have been related to factors such as host 
status (migrant, breeding resident, year-
round resident), body size, foraging height 
or location, phenology of tick life stages, 
and vegetation structure (Ogden et al. 2008, 
Loss et al. 2016, Parker et al. 2017). We 
collected ticks from migrating birds in the 
NW Lower Peninsula of Michigan to provide 
an overview of all ticks encountered relative 
to characteristics of bird species that may 
influence tick prevalence and burden. We 
then examined changes in annual prevalence 
over the 9-year study for two tick species 
most common in the region. Human health 
concerns vary depending on tick species and 
pathogens (Nelder et al. 2016, Loss et al. 
2016, CDC 2018, Sonenshine 2018, Scott et 
al. 2020), although most human-biting ticks 
and tick-borne pathogens are maintained 
in wildlife populations. Thus, ecological 
studies focused on documenting tick-host 
associations over time, especially in regions 
of tick range expansions, provide crucial 
information to complement epidemiological 
and disease-focused studies.
Materials and Methods
Study Site. From 2011–2019, we used 
12 × 2.6 m mist nets, with a mixture of 32 
mm and 36 mm mesh sizes, to capture birds. 
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Abstract
Monitoring tick infestation of wildlife provides baseline tick occurrence data that 
may have human or animal health implications. We collected 312 ticks of four species from 
5,122 birds of 93 species while monitoring bird migration during 15 fall and spring seasons 
between 2011 and 2019 in the northern Lower Peninsula of Michigan. Twenty-seven of 93 
bird species hosted ticks with an overall prevalence (= at least one tick) of 3.6% (185/5,122). 
Median burden was one tick/per infested bird with a range of 1–16 ticks per infested bird. 
Tick species collected were primarily Haemaphysalis leporispalustris (Packard) and Ixodes 
scapularis Say, with smaller numbers of Ixodes dentatus Marx and a single Ixodes brunneus 
Koch. The prevalence of avian infestations by I. scapularis increased over the eight-year 
study period (P = 0.046) to a high of over 4.6% infestation by I. scapularis in 2019. Based 
on the migratory status of birds, our data suggest that birds transported ticks to our site 
from northern or southern areas. Additionally, based on bird recapture data during stop-
over periods at our site, we detected new tick infestations in 27 of 437 birds that had ticks 
removed on initial capture. These reinfestations potentially reflect bird’s local acquisition 
of ticks, such as I. scapularis. This indicates that I. scapularis is becoming established in 
the region, which appears to be on the leading edge of this tick’s expanding range in the 
Lower Peninsula of Michigan. Birds may be contributing to the establishment by contrib-
uting and possibly introducing and maintaining the ticks. Birds may be transporting ticks 
and seeding them elsewhere.
Keywords: ticks, phenology, pathogen, vector, zoonotic, birds
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Ten nets were opened with reduction in 
number of nets in times of heavy flights. Nets 
were placed at the Chippewa Run Natural 
Area (44.81°N, 86.05°W), near Empire, Lee-
lanau County, Michigan. Shrubby vegetation 
0.5–2.5 m in height consists of Honeysuckle 
(Lonicera tatarica L.), willows (Salix sp.), 
and Red Osier Dogwood (Cornus amomum 
Mill.). The shrubs are interspersed with tall-
er Paper Birch (Betula papyrifera Marsh.) 
and Pin Cherry (Prunus serotina Ehrh.). This 
shrub-woodland was bordered by a variety of 
grasses and forbs on the upland side and a 
cattail (Typha latifolia L.) marsh with flow-
ing water on the lowland side. Mist nets were 
opened seven days per week at sunrise for 
3–4 hours, weather permitting, for a total of 
8,463.05 net hours for seven spring seasons 
and eight fall seasons. We netted, in most 
seasons, from 1 May through 31 May and 
from 15 August through 30 September. No 
data from 2012 were available for analysis 
because of laboratory mis-handling.
Bird Processing. Captured birds 
were aged, sexed, weighed, and banded with 
U.S. Geological Service bands. Each band is 
uniquely numbered to allow tracking of in-
dividuals. After search and removal of ticks, 
the birds were released. Following banding 
protocol, birds were aged as after hatch year 
(AHY) in the spring and hatch year (HY) or 
AHY in the fall using accepted criteria (Pyle 
1997). Birds were released after searching 
for and removing any ticks. Federal and 
State of Michigan bird banding permits to 
Scharf allowed the work described here.
Bird species status was designated as 
migrant, breeding/migrant, or year-round 
non-migratory resident (see Chartier et al. 
2011) because noting that status could be 
important in infestation by ticks (see Loss 
et al. 2016). Bird foraging height followed 
categories of Parker et al. (2017): designating 
canopy, or below the canopy, or ground for-
aging. Bird names in the Supplement follow 
the International Ornithological Congress 
(IOC) list which and includes authors (Gill 
et al. 2020). 
Tick Collection. Each bird was close-
ly examined for the presence of attached 
ticks, especially around the head and neck 
with particular attention to the ear region 
and eyelids (Fig. 1). A head-mounted magni-
fying loupe facilitated inspection and remov-
al of ticks. Ticks were removed intact with 
Figure 1. Tick infested Indigo Bunting, Passerina cyanea (L.) from the Chippewa Run Natural Area 
in the northern Lower Peninsula of Michigan. photo by Alice Van Zoeren.
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fine, straight forceps taking care to remove 
the entire tick for later identification.
Typically, during migration, birds stop 
along the route to replenish fat and energy 
stores (Kaiser 1999). Time between initial 
examination and recapture within a season 
provided a minimal estimate of stopover 
length of bird migrants. During stopover 
periods, banding, removing ticks when 
found, then inspecting recaptured birds for 
ticks, provided an indication that ticks were 
locally acquired.
All ticks removed from birds were 
preserved in labeled vials containing 70% 
ethanol. The ticks were identified by S. A. 
Hamer and L. Auckland at Texas A&M Uni-
versity to species and stage in 2013 - 2019. 
Dr. Jean Tsao of Michigan State University 
identified ticks from 2011. Tick specimens 
are deposited in the Texas A&M University 
tick collection.
Statistical Analysis. Data were 
analyzed using Minitab 19 (2020). Infesta-
tion prevalence was compared using Wil-
coxon-Mann-Whitney two-sample signed 
rank tests (Zar 1999) tests with two-tailed 
probabilities, including tests of differences in 
infestation by season and bird age (Parker 
et al. 2017) and body size of bird (Marsot et 
al. 2012, Brinkerhoff et al. 2018).
Results
In total, 5,122 birds (includes recap-
tures) of 93 species were examined during 
fall and spring seasons between fall 2011 
and fall 2019, excluding 2012 (Supplement). 
Ticks were collected from 29% (27/93) of bird 
species captured (Supplement). Of these 
tick bearing birds, only six were year-round 
non-migratory species and only one in this 
group, a Northern Cardinal (Cardinalis 
cardinalis [Linnaeus]), hosted a tick (Supple-
ment). Excluding, 680 year-round residents 
and within season recaptures, the mean ini-
tial capture date in the spring was 17 May (N 
= 2,429 birds, SD = 8.0 days) and the mean 
capture date in the fall was 7 September 
(N = 2,013 birds, SD = 11.6 days). Based on 
these initial capture dates and status, 87% 
(4,442/5,122) of birds were migrants.
We collected 312 ticks from 2,382 and 
2,740 birds from spring and fall, respectively. 
The overall infestation prevalence was 3.6% 
(185 of 5,122 birds hosted at least one tick) 
(Table 1). Tick burden ranged from 1-16 
ticks, with a median of one tick/per infested 
bird (Fig. 2). For comparison to other studies 
(e.g., Loss et al. 2016), the mean for our study 
was 1.6 ticks/infested bird.
Bird species were categorized by 
foraging category of ground-understory or 
canopy (Loss et al. 2016, Parker et al. 2017) 
for species with more than 10 individuals 
sampled (see Loss et al. 2016, Brinkerhoff 
et al. 2018). Only 1 of 23 (4%) of canopy 
foraging species was infested (an American 
Redstart, Setophaga ruticilla (Linnaeus)), 
which was significantly fewer than 74% 
(23/31) ground-understory birds that hosted 
ticks (Fisher’s Exact Test = 0.0000002).
To assess variation in the prevalence 
of infestation by season and age, we used the 
25 bird species that were captured in both 
Table 1. Distribution of 312 ticks by life stage and season. Ticks were removed from birds 
captured during fall and spring seasons of 2011–2019 in the northeastern Lower Peninsu-
la of Michigan.
Species and season  Adult Larvae Nymph undetermined Total
Haemaphysalis  Total  122  29  151
   leporispalustris fall  106  18  124
 spring   16  11   27
Ixodes brunneus Total 1      1
 spring 1      1
Ixodes dentatus Total   11   4   15
 fall    5   1    6
 spring    6   3    9
Ixodes scapularis Total   62  80  142
 fall   57   8   65
 spring    5  72   77
Ixodes species Total    1   1 1   3
 spring    1    1 1   3
Total  1 196 114 1 312
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seasons and found no significant difference 
related to season (Mann-Whitney-Wilcoxon 
= 684; df = 25,25; P = 0.369) (Table 2) or age 
(Mann-Whitney-Wilcoxon = 563.5; df = 25,25; 
P = 0.138) (Table 2). To assess variation in 
the prevalence of infestation by bird weight, 
we used bird species that were infested and 
had 10 or more individuals sampled, for 
which our data showed no relationship (R 
2= -0.078, P = 0.692) (Fig. 3)
We collected four species of ticks: 
Haemaphysalis leporispalustris (Packard), 
Ixodes brunneus Koch, Ixodes dentatus Marx, 
and Ixodes scapularis Say. Tick species, per-
cent of total ticks (n = 312), and percent of 
infested birds with the tick species in order 
were: H. leporispalustris, 48.4% (151/312) of 
ticks on 34.1% of infested birds, I. scapularis, 
45.2% (142/312) of the ticks on 58.4% of in-
fested birds; and I. dentatus, 4.8% (10/312) 
of ticks found on 5.4% of infested birds. We 
collected a single I. brunneus (Keith et al. 
2015), and three Ixodes sp. ticks could not 
be identified to species (Table 1).
Two tick species, I. scapularis and H. 
leporispalustris, were numerous enough to 
provide assessments of phenology for larvae 
and nymphs. We found the overall number 
of I. scapularis were similar in fall and 
spring, but there were significantly more I. 
scapularis nymphs in the spring (Chi-square 
= 102.595; df = 1; P < .00001) and more lar-
vae in the fall (Fig. 4A). In contrast, fewer 
H. leporispalustris were found in the spring 
than fall. In this species, larvae were more 
common than nymphs in both seasons, but 
similar to I. scapularis, there were signifi-
cantly more larvae in the fall (Fig. 4B) (Chi-
square = 9.827; df=1; P= .00172).
The annual prevalence of I. scapularis 
infestation increased from 1.5% to 4.85% at 
a rate given by the slope of the regression 
of 0.55% (Fig. 5) (R2 = 0.58, P = 0.046). This 
regression was based on 2013 - 2019 when 
sampling was done in both fall and spring. In 
Table 2. Summary values for percent prevalence of infestation for 25 (=N) bird species 
birds examined during fall and spring. Categories include All-Fall = AHY+HY, only AHY 
birds are encountered in spring. Means and SEs are provided for comparison to other 
studies. Q1 and Q3 refers to the first and third quartile about the median. Superscripts 
refer to comparisons (see text) that were not significantly different (p>.05).
Variable N Minimum Q1 Median Q3 Maximum Mean SE Mean
All-Fall1 25  0 1 5 13 100 13 4
AHY-Fall2 25 0 0  0   7 31 5 2
HY-Fall2 25  0 0 6 13 100 13 5
AHY-Spring1 25 0 0 5  11 20 6 1
Overall 25  0 2 5 10 20 6 1
Figure 2. The distribution of 312 ticks on 185 bird hosts. 
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Figure 3. Average body weight relative to tick burden for bird species that had 
10 or more individuals examined. See Supplement for species and sample sizes. 
Figure 4. Percent of each life stage in relation to the total number of ticks removed from birds in spring 
versus fall, 2011–2019. Sample size of birds examined was 2,382 in the spring and 2,740 in the fall.
contrast, the annual H. leporispalustris in-
festation prevalence was relative unchanged 
across this period with approximately 1.2% 
infestation prevalence (R2 = 0.038, P = 0.673) 
(Fig. 5). Percent data used in regressions did 
not deviate significantly from normality (I. 
scapularis, Anderson-Darling = 0.402, N = 7, 
P = 0.256; H. leporispalustris, Anderson-Dar-
ling = 0.250, N = 7, P = 0.618).
Of 27 bird species with ticks, 23 species 
hosted I. scapularis and 19 species hosted 
H. leporispalustris separately. Individual 
bird infestation by more than one species of 
tick at the same time occurred rarely, with 
five birds hosting both I. scapularis and H. 
leporispalustris and one bird hosting both I. 
dentatus and I. scapularis.
5
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Origin of Ticks. Birds were catego-
rized as migrants or migrants that breed 
locally with the exception of six non-migra-
tory species that are year-round residents 
at the field site (Supplement). The analysis 
of within season recaptures of 437 birds 
allowed a conservative estimate of stopover 
length (Kaiser 1999) and local infestation. 
The median stopover length was four days 
(quartiles about median = two and eight 
days). Of these same-season recaptures, 6.2% 
(27/437) hosted ticks when recaptured (Table 
3), including I. scapularis and H. leporispal-
ustris, indicating that both these tick species 
could have been be acquired locally (Table 3).
The criteria used to designate an es-
tablished tick population is either at least six 
or more individuals or two of more life stages 
identified in a single collection period (Den-
nis et al. 1998), with collection period further 
defined as a single year (Eisen et al. 2016). 
A simple tally of ticks removed from birds 
(Table 4) has limited utility in designating 
the establishment status of ticks at a field 
site, because ticks may be imported from 
other areas on migrants. However, analysis 
restricted to the new tick infestations on 
recaptured birds, during a time when avian 
movements outside of the study area are 
not expected, is useful in establishing the 
local origin of ticks (Table 5). Based on this 
restricted analysis, both H. leporispalustris 
and I. scapularis met criteria of established 
tick populations for three and four years 
within the eight years of study, respectively.
Discussion
We found 3.6% of birds captured 
during spring and fall migrations in 2011–
2019 harbored ticks of four different spe-
cies. H. leporispalustris and I. scapularis 
were most common. A systematic review of 
bird-tick publications from North America 
showed an overall infestation prevalence of 
5.1% (Loss et al. 2016). Similar studies from 
the midwestern Unites States report overall 
infestation prevalence of 12.5% (Wisconsin, 
Nicholls and Callister 1996), 1.6% (Illinois, 
Hamer et al. 2012), 10.6% (Michigan, Hamer 
Table 3. Tick species and stage found on 27 of 437 birds recaptured during stopover peri-
ods. No ticks were found on 410 recaptured birds. Birds are assumed to have remained in 
the study area during the stopover periods.
 Larvae Nymphs Total
 Ticks Birds Ticks Birds Ticks Birds 
Tick species found examined found examined found examined
Haemaphysalis leporispalustris 18 6 8 5 26 11
Ixodes dentatus 1 1   1 1
Ixodes scapularis 14 9 8 6 22 15
Totals 33 16 16 8 49 27
Figure 5. Prevalence of infestation on birds for I. scapularis (solid marker & solid trend line) 
and H. leporispalustris (open marker and dashed trend line) using years with fall and spring 
netting. I. scapularis increased, while H. leporispalustris was unchanged. Regression I. scapu-
laris y = 0.5513x – 1109.4, H. leporispalustris y = –0.0121x + 25.704. Year-birds examined: 
2013-577, 2014-538, 2015-461, 2016-793, 2017-979, 2018-826, 2019-681.
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et al. 2011), and 13.2% (Illinois, Parker et al. 
2017). Tick burdens on birds varied from a 
median single tick in this study to two ticks/
infested bird in Northcentral Wisconsin 
1989-1992 (Nicholls and Callister 1996).
Haemaphysalis leporispalustris was 
the most abundant tick in our study, and 
accounted for 48% of the ticks. An overview 
of North American bird-tick data found that 
H. leporispalustris accounted for 30.1% of 
ticks on birds using data from across 11 
studies (Loss et al. 2016). In netting studies 
like ours, there was wide variation in how 
common H. leporispalustris was on sampled 
birds. For example, this tick species ac-
counted for 66.2% of bird ticks in Minnesota 
(Brinkerhoff et al. 2018), 45% of bird ticks in 
Illinois (Parker et al. 2017), 98% of bird ticks 
in Wisconsin (Nicholls and Callister 1996), 
8.3% in Illinois (Hamer et al. 2012), and 
13.4% in Michigan (Hamer et al. 2011). The 
widespread occurrence of this tick, which can 
harbor pathogens, may be of limited human 
health consequence since this species feeds 
almost exclusively on birds and rabbits and 
they rarely bite humans (Lane et al. 1991, 
Nicholls and Callister 1996, Hamer et al. 
2011).
Ixodes scapularis comprised 45% of 
bird ticks in our study. This tick was the 
most commonly reported bird tick in sys-
tematic analysis of bird tick data from North 
America, accounting for 62% of ticks on birds 
(Loss et al, 2016). In contrast to our findings, 
at a study site in Michigan 260 km south 
of our site, I. scapularis accounted for less 
Table 4. Ticks found on all birds by year 
and season.
 Fall Spring 
Year Larvae Nymph Larvae Nymph
 Haemaphysalis leporispalustris
2011 41 5   
2013 15 5 7 8
2014 3  1 
2016 6 3   
2017 14 1 1 2
2018 20 3  4 
2019 7 1 3 1
Ixodes scapularis
2011 5    
2013 4 4  8
2014    4
2015 1    
2016 5  2 6
2017 12 2  19
2018 4 2  18
2019 26  3 17
Table 5. Tick reinfestation of birds during 
migratory stopover. used to evaluate crite-
ria for demonstrating the establishment of 
tick populations. Using Eisen et al.’s crite-
ria, both tick species would be categorized 
as established.
 Fall Spring 
Year Larvae Nymphs Larvae Nymphs
 Haemaphysalis leporispalustris
2011 5 4   
2013 4  3 1
2016  1   
2018 4 2  1 
2019 1    
Ixodes scapularis
2011 1    
2013 1 2  1
2016 2  1 2
2017 3   2
2018 1   1
2019 5    
than 1% of ticks while I. dentatus accounted 
for 86.6% of ticks in 2004–2009 (Hamer et 
al. 2011). This difference could reflect geo-
graphic and habitat differences (Hamer et al. 
2010, Parker et al. 2017), as I. dentatus was 
associated with inland areas while I. scapu-
laris was found in coastal areas. However, 
the difference may also be explained in that 
I. scapularis has been undergoing a range 
expansion in Michigan with documented 
expansion in the Lower Peninsula, such that 
tick community compositions have likely 
changed over the last decade. For example, 
surveillance at a field site along the east 
shore of Lake Michigan only 12 km SW of 
our field site failed to detect I. scapularis 
for several years until a small number of I. 
scapularis were first detected on small mam-
mals in 2008, representing a northward ex-
pansion into the region (Hamer et al. 2010). 
Our study indicates continued expansion of 
I. scapularis, which now accounts of half of 
the ticks encountered on birds.
Ticks may be carried into the area 
by migrating birds or of local origin. Using 
Eisen et al.’s (2016) criteria and specifically 
restricting our data analysis to ticks that 
were acquired on site (rather than those that 
arrive on migrating birds), we showed that 
H. leporispalustris met criteria of an estab-
lished population in three of eight years at 
our study site. Similarly, I. scapularis met 
the criteria in four years of our study. Given 
that tick collection from birds is influenced 
by the search effort/sample size, it is likely 
that increased efforts in future years will 
7
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continue to show establishment of these 
species at the site.
We found that foraging height was a 
significant factor related to tick prevalence 
or on bird hosts, which was expected (Loss et 
al. 2016, Parker et al. 2017, Brinkerhoff et al. 
2018). A second expected relationship of tick 
burden to body mass was not confirmed by 
our data. Again, a lack of a relationship may 
reflect a different bird species profile of our 
sample in that there was not a dispersion of 
bird weights of infested birds (Supplement) 
similar to other studies (Marsot et al. 2012, 
Brinkerhoff et al. 2018).
Ground-foraging bird species, espe-
cially non-migratory ground foragers, were 
disproportionately likely to have high prev-
alence and burden of ticks (Mitra et al. 2010, 
Loss et al. 2016). However, most of the bird 
species we sampled were migrants with only 
6.5% (6/93) of bird species non-migratory. 
Only one of these, Northern Cardinal, was 
a ground foraging species (Supplement). 
Accordingly, given the focus on migrants 
and a lack of ground foraging resident at 
northern latitudes, we were unlikely to 
find that ground foraging resident birds as 
being disproportionately infested with ticks. 
In regions where ground foraging resident 
species are rare, migratory birds maintain 
of the tick populations and concomitant the 
enzootic cycles.
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